In order to simulate the leaching of zinc calcine by sulfuric acid solutions, we prepared synthetic solutions with the composition ZnSO 4 -Fe 2 (SO 4 ) 3 -Na 2 SO 4 -H 2 SO 4 -NaOH-H 2 O and measured the solution pH at various temperatures. The effect of temperature on the ionic equilibria of these solutions was analyzed by considering chemical equilibria, mass balance and charge balance equations. The activity coefficients of solutes and the activity of water were calculated by using the Pitzer equation. The mole fractions of iron species were greatly affected by the solution temperature and the concentration of Fe 2 (SO 4 ) 3 . In the experimental ranges of ionic strength of solution up to 9 m, the pH values calculated in this study agreed well with those measured.
Introduction
In zinc hydrometallurgy, a neutral leach residue is treated with strong sulfuric acid solution at high temperatures. Ferric ions are leached together with zinc ions in this hot acid treatment step. Iron ions in the leach solution are removed by precipitation process, such as the Jarosite and Goethite processes. During the dumping of these precipitates, heavy metals are leached out together with iron ions and this leads to an environmental problem. Studies have been made on processes, which employ solvent extraction to recover iron selectively from the leaching solution. Control of solution pH and knowledge of the data on the distribution of chemical species are very important in developing a process for the recovery of iron from the zinc sulfate solution. [1] [2] [3] In electrolyte solutions, the formation and activity coefficients of chemical complexes affect ionic equilibria of a solution. The distribution of chemical complexes depends on the conditions of electrolyte solution, such as composition and temperature. This distribution can be analyzed by considering chemical equilibria, mass and charge balance equations. Several equations have been developed to calculate the activity coefficients of solutes and water activity. 4) Among these equations, the extended Debye-Hückel and Davies equations are useful in calculating activity coefficients of ions for solutions in which ionic strength is less than 0.1molal and the ions are non-associative. 4) At high ionic strength, Pitzer and Bromely equations are widely used owing to the availability of the parameter necessary in calculating the activity coefficient of ions. Few data on the activity coefficient of ferric ion, however, have been reported. Lack of the data on the activity coefficient of ferric ion has made it difficult to consider the nonideality of ferric species in the aqueous phase. Fairly recently, the interaction parameter of Fe(ClO 4 ) 3 at 25 C for the Pitzer equation was reported by Millero 5) and this parameter was used to obtain an interaction parameter of the ferric ion in the present study.
We developed a chemical model to analyze the effects of ionic strength and temperature on the ionic equilbria in the synthetic sulfuric acid solutions of zinc calcine. This model consists of chemical equilibria and mass and charge balance equations. Activity coefficients of solutes and water activity were calculated by using the Pitzer equation. By applying this model, we analyzed the distribution of zinc and iron species with the composition and temperature of a synthetic solution.
To check the validity of this model, the experimental pH values at 25, 50 and 75 C were compared with those calculated in this study.
Thermodynamic Model
The ZnSO 4 -Fe 2 (SO 4 ) 3 -H 2 SO 4 -NaOH-H 2 O system was prepared for the simulation of leaching solutions of zinc calcine. Sodium sulfate was added to increase the ionic strength of the synthetic solution. The distribution of zinc species depends on the total zinc concentration, ionic medium, pH and temperature of the solution. It is only when the pH value of the solution is higher than 8 that Zn(OH) 3 À and Zn(OH) 4 2À appear in the solution. 6, 7) We therefore do not consider these complexes. We also assumed that H 2 SO 4 was dissociated into hydrogen and bisulfate ions completely. Table 1 shows complex formation reactions considered in this study and the equilibrium constants at 25 C, K 298 . 2, 6, 8) These values in Table 1 Table 1 .
The following mass and charge balance equations were obtained from the chemical equilibria.
where [i] represents the concentration of i species.
[
where the subscript t represents the total concentration. The activity coefficient of i, i , is expressed by the modified Pitzer equation as follows 9) 
where Z i denotes charge number of ion i.
In the above equations, A represents Debye-Hückel constant, I ionic strength of the solution and m molality of the chemical species. And The activity of water was calculated by the following Pitzer equation. 10 )
where M w and represent the molecular weight and the osmotic coefficient of water, respectively.
Experimental
The synthetic solutions were prepared by dissolving ZnSO 4 , Fe 2 (SO 4 ) 3 , Na 2 SO 4 , H 2 SO 4 and NaOH in distilled water. All reagents were of analytical grade. First, known amounts of reagents were added to 100 g of water and the mixture was stirred for 30 minutes with a magnetic stirrer. After the reagents were dissolved, the temperature of solution was controlled in a water bath(Jeio Tech, SWB-03 Shaking Water Bath). All pH values of the solutions were measured with a pH meter(Orion 920A). The electrode was calibrated by the three-point method before every pH measurement. Table 2 shows the interaction parameters 0 MX and 1
Results and Discussion

Estimation of interaction parameter
MX at 25
C for strong electrolytes reported by Pitzer and Millero. 5, 11) The mean activity coefficients of strong electrolytes could be calculated by inserting these interaction parameters into the Pitzer equation. In order to calculate the activity coefficients of individual ions, the interaction parameters of the individual ions are needed. Edwards assumed that the interaction parameter 0 MX was equal to the sum of the interaction parameters of the individual ions. 1 Na þ equal to zero. In this study, Edwards' estimation method was used to obtain the interaction parameters 0 and 1 of the individual ions. The interaction parameters between ion and molecule and between molecule and molecule were obtained by the following Edwards' approximation equations. 
12)
Temperature derivatives of the interaction parameters in the temperature range between 0 and 100 C are obtained from the data reported by Pitzer and shown in Table 4 shows the interaction parameter 0 and 1 of the individual ions at ambient temperature obtained in this study.
Ionic equilibria analysis
The number of chemical species at equilibrium is 18 (Fe 3þ ,
We need 35 independent equations to calculate the concentrations and the activity coefficients of 17 solutes and water activity. These equations consist of 12 chemical equilibria, 4 mass and 1 charge balance equations, 17 equations for the activity coefficients and the activity equation of water.
The initial concentrations of Fe 3þ , Na þ , Zn 2þ and SO 4
2À
are obtained from the assumption that the electrolytes dissociated completely. The nonlinear equations were solved by Newton-Raphson method and the algorithm is shown in Fig. 1 .
Since the leaching solutions of zinc calcine contain about 90 g/L of zinc ion, 25 g/L of ferric ion and 25 g/L of H 2 SO 4 in zinc hydrometallurgy, the composition of the synthetic solution was chosen as follows: Figure 2 shows the distribution of zinc species with temperature. It is indicated in Fig. 2 2À did not exist in our experimental conditions. Figure 3 shows the distribution of iron species with temperature. It is seen in Fig. 3 that the mole fraction of iron Table 4 Variation of estimated values of ion interaction parameter with temperature. species decreases at constant temperature in the following order, Fe
. Also it is known in Fig. 3 Fig. 6. 13) Also the mean activity coefficients of Fe 2 (SO 4 ) 3 calculated in this work by the following equation are shown in Fig. 6 .
ð17Þ Figure 6 reveals that the absolute values of AE,Fe 2 (SO 4 ) 3 calculated in this work differ from those reported by Majima but both of them had the same tendency of variations with the concentration of H 2 SO 4 and Fe 2 (SO 4 ) 3 . It is seen in Fig. 6 that AE,Fe 2 (SO 4 ) 3 decrease to reach a minimum and then increase with increasing concentration of H 2 SO 4 , when Fe 2 (SO 4 ) 3 concentration is 0.1 m. On the contrary, AE,Fe 2 (SO 4 ) 3 simply increases with H 2 SO 4 concentration when Fe 2 (SO 4 ) 3 concentration is 0.5 m. Table 5 shows the compositions of the ZnSO 4 -Fe 2 (SO 4 ) 3 -Na 2 SO 4 -H 2 SO 4 -NaOH-H 2 O system and experimental pH values at 25, 50 and 75 C. The values of pH and ionic strength calculated in this study at various temperatures are also shown in Table 5 . The absolute difference of pH values between measured and calculated is represented in Fig. 7 . It is also seen in Fig. 7 that the difference becomes larger with increasing ionic strength and temperature of the electrolyte solution. The ionic strength of the solution was evaluated to be 7. Fig. 7 shows that the absolute difference of pH will be 0.2. Considering that a lot of additional reactions occur in the leaching solutions of zinc calcine, it seems that the experimental pH values agreed well with these calculated in the range of 2.5-9 m ionic strength of solution.
Conclusions
By developing a chemical model of ZnSO 4 -Fe 2 (SO 4 ) 3 -Na 2 SO 4 -H 2 SO 4 -NaOH-H 2 O system, the following conclusions were obtained: (1) Ionic equilibria for the system were analyzed with the chemical equilibria, mass and charge balance equations taken into account. The activity coefficients and water activity were calculated by using the Pitzer equation. 
